In general, the cancer-bearing rate of patients on dialysis is considered to be higher than that of healthy individuals. There is no established chemotherapy regimen for patients on hemodialysis (HD), but some reports have described chemotherapy administration in such patients according to HD conditions, residual renal function, and the drug metabolic pathway. We present a case involving a 76-year-old female patient on HD who underwent chemotherapy for mediastinal lymph node recurrence of neuroendocrine carcinoma of the breast (NECB) using 5-fluorouracil, epirubicin, and cyclophosphamide (FEC 100) and docetaxel (DTX). The patient showed a complete response to the treatment and survived longer than expected. This is the first report demonstrating a complete response to chemotherapy for the recurrence of primary NECB with the patient having survived for a long time after treatment.
Introduction
Prolonged life expectancy and evolution of medical technology have increased the detection and treatment response rates for patients with malignant tumors [1] . The incidence of malignancy in patients on hemodialysis (HD) is higher than that in healthy individuals; thus, the need for treatment in patients on HD with a malignancy is increasing [2] . Primary neuroendocrine carcinoma of the breast (NECB) is rare, with an incidence of under 0.1% from among all breast carcinomas. Only a limited number of studies on NECB have been reported in the literature [3] .
In this study, we report a case involving a patient on HD with mediastinal lymph node recurrence of NECB who was treated using chemotherapy. Remission was noted, and no recurrence has been observed for forty-two months.
Case Report
A 76-year-old woman had a history of left NECB, which was classified as pT2N1M0 stage IIB according to the Union for International Cancer Control (UICC) tumor node metastasis (TNM) classification. The patient was admitted to our hospital with complaints of a mass in the right breast without axial lymph node swelling on computed tomography (CT) (Fig. 1a) . No associated pain, nipplagnete discharge, skin change, or palpable lymphadenopathy was noted. Contrast-enhanced mic resonance imaging (MRI) showed a mass with early arterial enhancement and gradual washout measuring 9.3 × 5.8 × 10.7 mm (Fig. 1b) . Right breast mastectomy and axillary lymph node dissection were performed. The final pathologic diagnosis was NECB with small polygonal cells having a small amount of cytoplasm, high nuclear-cytoplasmic ratio, and finely granular chromatin (Fig. 2) . According to the UICC TNM classification, it was classified as pT1N0M0 stage IA. A diagnosis of non-intramammary metastasis was made based on the results of immunostaining: chromogranin A (-), synaptophysin (+), Leu7 (-), CD56 (-) in the left NECB, and chromogranin A (-), synaptophysin (-), Leu7 (+), CD56 (-) in the right NECB. Six months after the operation, the patient initially underwent HD owing to unexplained chronic renal failure and continued the treatment as an outpatient. Forty months after a right breast mastectomy, CT revealed anterior mediastinal lymph node recurrence (Fig.  3a) . Hence, we considered the recurrence of NECB and decided to initiate chemotherapy to prevent further recurrence. Based on the past literature on the chemotherapy dosage for patients on HD, a chemotherapy regimen with six cycles of FEC 100 -consisting of fluorouracil (5-FU, 500 mg/m 2 ), epirubicin (EPI, 70 mg/m 2 ), and cyclophosphamide (CPA, 350 mg/m 2 ) -and three cycles of docetaxel (DTX, 60 mg/m 2 ) was initiated (Table 1) . After the third course of DTX treatment, grade 3 neutropenia was observed; hence, the chemotherapy was discontinued. CT was performed after the chemotherapy and anterior mediastinal lymph node recurrence was not detected (Fig. 3b) . The patient responded well to the chemotherapy. Fortytwo months after the chemotherapy, no tumor recurrence was detected on CT.
Discussion
The population of individuals undergoing dialysis is over 0.3 million in Japan [1] . Owing to the prolonged prognosis of patients on HD, the need for treatment for malignancy in such patients is increasing. Malignancy is one of the major causes of death among patients on HD [4, 5] . However, there are no guidelines for the administration of chemotherapy for malignancy in patients on HD. Currently, the dosing regimens are individually administered according to information from previous case reports or the available literature, and dialysis conditions [6] . Patients with end-stage renal disease display enhanced genomic damage that may have pathophysiological relevance for cancer development. These patients may need drug dosage reduction to avoid overdosage and drug toxicity, and drug clearance by dialysis must be taken into account for appropriate chemotherapy timing.
In this case, there was no biopsy for mediastinal lymph node recurrence. Therefore, it was not possible to confirm the recurrence of NECB, but it was considered as such from the clinical course. A regimen for NECB has not been established; however, there are some reports that chemotherapy for breast cancer (BC) can also be used for patients with NECB; therefore, we used the regimen of FEC 100 and DTX [7] [8] [9] .
We referred to the report of Janus et al. and introduced the FEC 100 regimen (5-FU, EPI, and CPA) [6] . The standard dose of 5-FU was used while EPI and CPA doses were reduced to 70% of the standard dose. During the 3-week course, three drugs were administered after the session on the first HD day. During the six cycles of FEC 100 chemotherapy, the side effects of grade 3 neutropenia or higher were not observed, as noted based on the Common Terminology Criteria for Adverse Events (CTCAE) v4.0. After completion of the FEC 100 chemotherapy, the DTX dose was reduced to 80% of the standard dose during the 3-week course. After three courses, DTX administration was stopped because of the incidence of grade 3 neutropenia. During this time, mediastinal lymph node metastasis was not observed in the CT.
There is no established standard treatment protocol because primary NECB is rarely reported. The optimal management strategy for the disease remains unknown; however, the treatment is similar to that for other conventional types of invasive BC [10] . The patient underwent FEC 100 and DTX chemotherapy for distinct metastasis, and it is often used to treat patients with BC. The standard chemotherapy for advanced BC was effective in our patient.
In this case, the patient has remained free from the disease as of the last follow-up at thirty-six months after the chemotherapy. To our knowledge, this is the first report demonstrating the improvement in the survival and BC recurrence in a patient on HD undergoing chemotherapy. We believe that this case report is useful in providing information on treatment options for patients on HD.
Even in patients on HD, such a recurrence can be cured by chemotherapy due to a careful individual response. 
